Introduction: Despite its recent status of middle-income country in WHO's South-East Asia Region, diarrhea remains an important yet unresearched public health issue in the Republic of Maldives. Methodology: We conducted a one-month cross-sectional study in children and adults with acute diarrhea at three regional hospitals in Maldives in August-September 2007 to investigate the pointprevalence of diarrhea etiologic agents. Enteric Bacteria was identified by a standard microbiology technique and isolates were submitted for antimicrobial susceptibility testing. Rotavirus, astrovirus and adenovirus were detected by enzyme-linked immunosorbent assays (ELISA). Realtime reverse-transcription polymerase chain reaction (RT-PCR) was used to test for norovirus. Results: We enrolled 73 children and 57 adults with acute diarrhea. The most common pathogens detected in children were norovirus (43%) and rotavirus (18%). Vibrio parahaemolyticus (18%) and rotavirus (17%) were the most common pathogens found in adults. Multiple and mixed infections were common. All noroviruses were identified as genogroup II/type 4(GII/4). The genotype distributions of rotaviruses were G2P[4] (48%), G12P[6] (37%), G2P[6] (5%), G9P[8] (5%), and nontypeable G2 (5%). Conclusions: This study provides preliminary data on the importance of norovirus and rotavirus as diarrhea etiologic agents in Maldives. A systematic prospective diarrhea surveillance documenting disease burden, etiology, seasonal variation, as well as risk factors should be conducted for the development of public health interventions to reduce diarrhea morbidity and mortality in Maldives.
Introduction
The Maldives is an archipelago of about 1200 small coral islands in South Asia (Figure 1) . The relatively small population of 290,000 people is dispersed over 200 inhabited islands with communities of less than 1000 people. Notwithstanding the enormous human development challenges created by extreme dispersion and fragmentation of the population, the country has, since the 1970s, risen from being one of the world's poorest countries to a middle-income country with leading economic and health indicators in WHO's SEARO region. Many of the island communities are subjected to extreme hardships and vulnerability however, because of the high population density and environmental problems including rising sea levels, fresh water depletion, unsafe waste disposal and non-adapted sewerage systems [1] . Not surprisingly, the Ministry of Health of Maldives has reported diarrheal diseases as one of the important health problems. The incidence reported in 2010 was approximately 10.65% of the population [2] . While the etiology of diarrhea has been extensively studied in other South or Southeast Asian countries, such data are still lacking for Maldives. The country's unique geography and a high level of tourist traffic and migration could potentially result in different epidemiology than other countries in the region. The purpose of this study was to explore the etiology of acute diarrhea and the antimicrobial susceptibility patterns in Maldives during one diarrhea peak season.
Methodology
A one-month cross-sectional surveillance study was conducted during the peak diarrhea season in 2007 in Maldives (August-September) to investigate the point-prevalence of acute diarrhea etiologic agents and the antimicrobial susceptibility patterns of bacterial isolates. The study was conducted at the Indira Gandhi Memorial Hospital (IGMH), a central-level hospital in Male, the capital of Maldives; Kulhudhuffushi Regional Hospital (KRH) and Hithadhoo Regional Hospital (HRH), two hospitals in the northern and southern regions of Maldives, respectively (Figure 1) .
Children aged 3 months to 5 years and adults aged 18 to 70 years with acute diarrhea of less than 72 hours duration and seen as outpatients or inpatients were enrolled in the study after obtaining written informed consent. Acute diarrhea was defined as having three or more unformed stools per 24 hours with at least one additional symptom (nausea, vomiting, abdominal pain, fatigue/lethargy, or fever). One stool sample and clinical and demographic data were collected. Direct stool microscopy and processing of stool samples were performed at the local hospitals. For KRH and HRH, four stool swabs were saved in modified Cary Blair transport media, kept refrigerated and sent to IGMH for culture and identification.
One stool swab was inoculated onto Mac Conkey (MC) agar, Hektoen Enteric (HE) agar, Thiosulfate Citrate Bile salts Sucrose (TCBS) agar, Modified Semisolid Rappaport Vassiliadis (MSRV) agar and enrichment media; Alkaline peptone water (APW), Buffer peptone water (BPW) and Preston and subsequently incubated at 37˚C for 18 -24 hours. For secondary culture, APW and BPW were plated on TCBS and MC, and HE and MSRV, respectively. Culture for Campylobacter was performed by primary culture on Modified Charcoal Cefoperazone Deoxycholate Agar (mCCDA) and on Brucella Agar (BA) with sheep blood and secondary culture of Preston enrichment media on mCCDA and on BA with sheep blood after millipore filtration then incubated at 37˚C under microaerophilic condition for up to 72 hours.
Identification of enteric bacteria including Shigella, Salmonella, Vibrio, Aeromonas, Plesiomonas and Campylobacter was performed by standard biochemical testing [3] . Up to 5 lactose fermenting (Lac+) and 5 nonlactose fermenting (Lac−) of E. coli colonies as identified on MC agar were saved on Dorset Egg yolk media slant for diarrheagenic E. coli identification by DNA hybridization technique. Bacterial isolates were saved on agar slant and sent to the Armed Forces Research Institute of Medical Sciences (AFRIMS), Bangkok, Thailand for confirmation, serotyping and antimicrobial susceptibility testing. Antimicrobial susceptibility testing against ampicillin, azithromycin, ciprofloxacin, erythromycin, nalidixic acid, trimethoprim-sulfamethoxazole, tetracycline, gentamicin and kanamycin was performed by the standard disk-diffusion method using CLSI interpretative criteria [4] .
Aliquots of stool were preserved at −70˚C for ELISA and PCR. Rotavirus, astrovirus and adenovirus were identified using EIA test kits (RIDASCREEN ® , R-Biopharm AG, Darmstadt, Germany). Giardia lamblia and Cryptosporidium were also detected using EIA kits (ProSpecT TM , Remel, Lenexa, Kansas, USA). Norovirus GI and GII was identified by real-time reverse-transcription polymerase chain reaction (RT-PCR) assays [5] [6] . G and P typing of rotavirus and norovirus typing was performed by conventional PCR [7] - [9] anZd sequencing, respectively.
Results
Stool specimens were collected from 73 children and 57 adults with diarrhea. For children, the median age was 18 months (range 4 -60 months), and 55% were male. The mean duration of diarrhea was 24 hrs; 58%, 68% and 78% of the children's guardians reported a history of fever, abdominal pain and vomiting, respectively ( Table 1) . The most common organisms identified in children were norovirus (43%), rotavirus (18%) and Enteropathogenic E. coli (EPEC; 13%) ( Table 2) . Rotavirus and norovirus were most commonly found in children aged 1 -2 years. For adults, the mean age was 35 years (range 18 -70 years), and 67% were male. The median duration ofdiarrhea was 24 hours (range 2 -72 hours). Patients reported fever (54%), abdominal pain (86%), nausea and/or vomiting (60%) and fatigue (54%) ( Table 1) . Vibrio spp. and rotavirus were the most prevalent pathogens, identified in 18% and 17% of patient stools, respectively. Out of the 10 Vibrio isolates, nine were identified as Vibrio parahaemolyticus and one as non-O1 and non-O139 V. cholerae, respectively. The other pathogens were Aeromonas (11%), Salmonella (9%) and norovirus (8%) ( Table 3) . No Shigella, Plesiomonas, Enteroinvasive E. coli (EIEC), Shiga-like Toxin-producing E. coli (STEC) or astrovirus was detected in stools from either children or adults during this period of this study.
Both Vibrio and rotavirus were associated with watery diarrhea in approximately 70% of the infected patients. Infections with more than one organism were found in 18% of children and 23% of adults with diarrhea. No enteric pathogens were identified in 33% and 46% of stools from children and adults, respectively.
Among 24 and 31 bacterial isolates obtained from stool culture of children and adults, respectively were tested for antimicrobial susceptibility. Two out of the four Campylobacter isolates were resistant to azithromy- Table 2 . Point-prevalence of pathogens found in child stool specimens, number positive (n) and percent (%). Table 4 ). More than 90% of children and adults reported having not taken any medication before presentation to the health facility. A total of 114 frozen stool specimens from 61 children and 53 adults were available for rotavirus and norovirus detection and genotyping. Rotavirus was detected in 11/61 (18%) of children and 9/53 (17%) of adults and 19 out of 20 cases with rotavirus infections were from IGMH in Male. The genotype distribution of the 11 rotavirus detected from children were G2P [4] (46%), G12P [6] (27%), G2P [6] (9%) and G9P [8] (9%) and non-typeable G2 (9%). The rotavirus genotype distribution among adults were G2P [4] and G12P [6] , with 4/8 (50%) of each ( Table 5) . Norovirus was identified in 26/61 (43%) of children and 4/53 (8%) of adults with diarrhea from all three sites. All 30 norovirus-positive samples from both children and adults belonged to Genogroup II/type 4 (GII/4).
Discussion
Our study suggests an important role of viral enteric pathogens, rotavirus and norovirus, as diarrhea etiologic agents in both children and adults in Maldives while bacterial pathogens e.g. V. parahemolyticus played more important role in adults than children. Genotype distribution of norovirus, the most common cause of nonbacterial gastroenteritis outbreaks worldwide, is in agreement with studies conducted in children in western India Rotavirus is the leading cause of severe diarrhea in children worldwide with most hospitalizations and deaths occurring in children in developing countries in Asia and Africa [13] [14] . In our study, we commonly found rotavirus in children (18%) and in particular, in adults (17%). Although rotavirus predominantly affects children [20] .
The most common G and P types of rotavirus that circulated in Asia between 2000 and 2009 were four globally common types: G1P [8] , G2P [4] , G3P [8] and G9P [8] which were consistent with the finding of the G2P [4] and G9P [8] types in our study. Our study also found an unusual genotype, G12P [6] , both in Male as well as in the atolls which have been previously reported especially in South Asian countries [21] - [25] . Moreover, G12 has been reported with increasing frequency over the years in Bangladesh and Nepal [22] [25] [26] . More recent work in Nepal has demonstrated a continued circulation of G12P [6] rotavirus over a period of 2-year that gradually overcame the predominate strains [26] . In this study, approximately 40% of rotavirus belonged to G12. This may suggest G12 rotavirus has been circulating for multiple years at the time of detection and has become a common genotype in Maldives or it may originally have been introduced from India, Nepal or Bangladesh due to the Maldives' unique geography and its large migrant worker population from these South Asian countries. The emergence of unusual rotavirus types especially in Asia may have an impact on the efficacy of the current rotavirus vaccines [27] .
This study has several limitations. First, the point-prevalence study design in three regional hospitals in the Maldives will be able to provide only a snapshot of diarrheal disease etiology and will not represent the situation of the whole country or allow inference to the national level regarding the true prevalence, etiology or seasonality of the pathogens detected. Second, non-stratified convenience sampling may have introduced sampling bias with regard to location, gender and hospital admission status. Third, non-diarrhea controls were not included in this study to document the background carriage of enteric bacteria and viruses in this population. Despite of limitations of the study and resources, this study provides preliminary data on diarrhea etiology and antimicrobial susceptibility pattern in children and adults in the Maldives, a new geographic area of which data is still unavailable. A systematic prospective diarrheal disease surveillance documenting disease burden, etiology, seasonal and geographical variation, as well as risk factors should be initiated if resources permitted.
Application of medical microbiology testing panels to identify bacterial, viral and protozoan/parasitic etiologic agents of diarrheal disease has been challenging in developing countries. Most of those techniques, although are not sophisticated, require laboratory equipment and consumables that are lacking in many laboratories in developing world. Additionally, limited number of knowledgeable or well-trained technicians with a high staff turnover rate has always been a major issue and made sustainability of laboratory capability almost impossible. Despite of these challenges in developing countries where diarrheal disease is the most prevalent whereas health care related resources are limited and prioritized, investigation of diarrhea etiology is still important and should not be neglected. The information may help to achieve the goal of better understanding of diarrheal disease epidemiology and support health policy makers in identifying and implementing the most cost-effective diarrhea prevention and control strategies for reduction of disease morbidity and mortality.
